Abstract. In recent years, the combined use of angiotensin II receptor blockers (ARBs) and low-dose diuretics has become clinically possible. Moreover, the GUARD and J-CORE studies have confirmed that the addition of low-dose diuretics to renin-angiotensin system inhibitors reduces albuminuria. In this study, we investigated the clinical effects of a combination drug containing an ARB and a low-dose diuretic in renal transplant recipients. A total of 13 renal transplant recipients who were receiving the maximum dose of the ARB and presenting with microalbuminuria [urine albumin-creatinine ratio (ACR) of 30-300 mg/g-Cre] were converted to a single pill combination drug containing the same amount of the ARB and 12.5 mg of hydrochlorothiazide (HCTZ) and an intervention study of a crossover trial design was conducted. The clinical parameters were measured at baseline, 3 months after ARB/HCTZ conversion and 3 months after reverting to the ARB and the resulting data were compared. Serum creatinine (S-Cre) and uric acid (UA) levels at 3 months after conversion were significantly higher than those at baseline. The levels of the estimated glomerular filtration rate (eGFR) and ACR at 3 months were significantly lower than those at baseline. S-Cre and UA levels at 3 months after reversion were significantly lower than those at 3 months after conversion. The eGFR and levels of ACR and UA at 3 months after ARB reversion were significantly higher than those at 3 months after conversion. The results of this preliminary study suggest that the combination drug containing an ARB and low-dose diuretic was effective for reducing microalbuminuria in renal transplant recipients. In the future, larger cohort studies are needed to confirm these findings.
Introduction
According to clinical practice guidelines for chronic kidney disease (CKD) (1) (2) (3) (4) , the first choice drugs for hypertension treatment in CKD patients are renin-angiotensin system (RAS) inhibitors and diuretics are mentioned as second choice. In recent years, the combined use of angiotensin II receptor blockers (ARB) and low-dose diuretics, which has been developed to provide maximal antihypertensive effects by using their complementary mechanisms of action, has become clinically possible. Moreover, the GUARD (5) and J-CORE (6) studies have reported that the combination of RAS inhibitors and diuretics reduces albuminuria, indicating that a combination drug with a diuretic may be effective in CKD treatment. This suggests that the combination may also be applied to renal transplant recipients and that it is possible to rescue patients whose blood pressure has not decreased to optimal levels or those who present with albuminuria using conventional treatment. In this study, we investigated the clinical effects of a combination drug containing an ARB and a low-dose diuretic in renal transplant recipients.
Patients and methods
Study design. An intervention study of a crossover trial design was conducted and the administration protocol was ARB [telmisartan (80 mg) baseline] → ARB/hydrochlorothiazide (HCTZ) [telmisartan (80 mg)/HCTZ (12.5 mg) single-pill combination drug] → ARB [telmisartan (80 mg)]. The administration period was 3 months for each drug for a total of approximately 6 months. Blood pressure, body weight, albumin-creatinine ratio (ACR), estimated glomerular filtration rate (eGFR), serum creatinine (S-Cre), uric acid (UA), fasting blood sugar, low density lipoprotein, triglyceride, high density lipoprotein, serum potassium and HbA1c levels were measured at baseline, 3 months after ARB/HCTZ conversion and 3 months after reverting to the ARB and the resulting data were compared.
Patients. A total of 134 stable renal transplant recipients who had been followed up at our department for over a year were examined for albuminuria, and microalbuminuria was found in a total of 37 patients (27.6%). Among them, 13 patients with a S-Cre level of <2 mg/dl who had received the maximum dose of the ARB telmisartan for at least 3 months and provided informed consent were converted to the single-pill combination drug with the same dose of telmisartan and 12.5 mg of HCTZ. The discontinuation criteria were allergies or adverse events assessed by the physician-in-charge, surgery or hospitalization and patient withdrawal. During the 6 month period, one patient each withdrew due to surgery at another department, hospitalization for a mental disorder and the onset of gout. As a result, a total of 10 patients completed the protocol and were enrolled in our study. All subjects provided informed consent for participation in the study, which was approved by the human ethics committee of Osaka City University Hospital (Osaka, Japan). The immunosuppression protocols were not changed during the study. The administration pattern of the antihypertensive drugs prior to the study was ARB + angiotensin converting enzyme inhibitor (ACEi) in 5 patients, ARB + calcium channel blockers (CCB) in 2 patients, ARB + ACEi + CCB in one patient, ARB + ACEi + α blocker in one patient and ARB + ACEi + CCB + α blocker in one patient.
Measurements. The subjects were admitted at 8:30 a.m. to our clinical research unit, without having taken immunosuppressive medications, following an 8-12-h overnight fasting period and fasting blood samples were drawn. The low density lipoprotein cholesterol concentration was calculated using the Friedewald formula. Microalbuminuria was defined as a urine ACR of 30 to 300 mg/g-Cre (1). Hypertension was defined as i) the administration of antihypertensive agents and/or a history of this disorder; ii) a systolic blood pressure (SBP) >140 mmHg; or iii) a diastolic blood pressure (DBP) >90 mmHg. The eGFR was calculated using the following equation of the Japanese Society of Nephrology: (194 x age) -(0.287 x serum creatinine) -1.094, including a correction factor of 0.739 for women (7) .
Statistical analysis. The data are summarized as a percentage or as the mean ± standard deviation (SD) where appropriate. The changes within each group were evaluated using the paired Student's t-test or Wilcoxon's test. P<0.05 was considered to indicate a statistically significant result. These results were obtained using Stat View V Statistical Software (SAS Institute Inc., Cary, NC, USA). (Table I) . S-Cre and UA levels at 3 months after ARB/HCTZ conversion were significantly higher than those at baseline. The levels of eGFR and ACR at 3 months after conversion were significantly lower than those at baseline. There was no significant difference in the remaining factors between the values at baseline and 3 months after conversion. S-Cre and UA levels at 3 months after reversion were significantly lower than those at 3 months after conversion. The levels of eGFR, ACR and UA at 3 months after ARB reversion were significantly higher than those at 3 months after conversion. There was no significant difference in the other factors between the values at 3 months after reversion and 3 months after conversion. (Fig. 1) . ACR levels at 3 months after conversion decreased from those at baseline in all patients. ACR levels at 3 months after reversion increased from those at 3 months after conversion in 8 out of 10 patients.
Results
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Discussion
Diuretics are not often administered to renal transplant recipients due to concerns of dehydration and their effects on the metabolic system. However, it was hypothesized that antihypertensive and albuminuria-reducing effects, as shown by the GUARD (5) and J-CORE (6) studies of general populations, may also be expected in renal transplant recipients. In the present study, 10 renal transplant recipients with microalbuminuria uncontrolled with the maximal dose of ARB were converted to a single-pill combination drug containing 12.5 mg of HCTZ and an intervention study of a crossover design was conducted. The ACR and other clinical data were collected at baseline, 3 months after conversion and 3 months after reversion and compared. As a result, ACR and eGFR levels significantly decreased and UA levels significantly increased following the administration of the combination drug. When the patients were reverted to the ARB, these levels returned to the original levels. This is the first study concerning the effects of an ARB/HCTZ combination drug on microalbuminuria in renal transplant recipients.
Microalbuminuria has a well-established association with progressive renal damage (8) and cardiovascular disease (9-11) in general populations. Previous studies in CKD populations have suggested that a decrease in microalbuminuria may lead to the suppression of renal function impairment (12,13) and cardiovascular disease (14-16) progression. In renal transplant recipients, microalbuminuria is a risk factor for graft loss and all-cause mortality (17) . The effectiveness of RAS inhibitors for decreasing proteinuria following renal transplantation has been evaluated in various studies (16, (18) (19) (20) . Heinze et al (18) demonstrated that treatment with ACEi and/or ARB led to a 45 and 43% reduction in the risk of graft loss and patient mortality, respectively. In the present study, the combination drug containing an ARB and low-dose diuretic was found to be effective in decreasing microalbuminuria for patients using the maximal dose of RAS inhibitors. However, as with the GUARD (5) and J-CORE (6) studies, with the decrease in microalbuminuria, there was a marked decrease in eGFR (although the maximum decrease was by 25%) in our study. This decrease in eGFR rapidly returned to original levels when the administration of the combination drug was suspended (data not shown). No significant decrease in body weight due to dehydration, which there was concerns for prior to the study, was observed. The use of diuretics is a glomerular preload reduction therapy which reduces eGFR, but evidence concerning the long-term prognosis of renal function has not been established. Further studies concerning the effects of the combination drug on the long-term prognosis of renal function and on cardiovascular disease in renal transplant recipients are required.
The diuretic used as the component of the combination drug in this study was a thiazide diuretic and there were concerns about its effects on the metabolic system (21), but its effects on glucose and lipid metabolism were considered to be minimal. However, there was a marked effect on UA metabolism. In the present study, only one dose of the thiazide diuretic HCTZ (12.5 mg) was used, but it may be more appropriate to use a dose of 6.25 mg in order to avoid hyperuricemia. There was hardly any effect on serum potassium levels.
In conclusion, the results of the present study suggest that the ARB/HCTZ combination drug has the potential to be an effective treatment for microalbuminuria, if the decrease in eGFR levels and UA metabolism are carefully monitored. The albuminuria-reducing effect observed in this study may be particularly beneficial for patients receiving the maximal dose of RAS inhibitors. Further studies must be performed concerning indicative cases, drug selection and dosage, long-term renal prognosis and interventional effects on cardiovascular disease. Furthermore, an ARB which is able to improve UA metabolism has been recently developed and its use in combination with HCTZ may bring about beneficial results (22) . 
